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Abstract

Glucose and insulin responses have been reported to be lowered by acute consumption of soluble
oat fiber or high amylose cornstarch. This study sought to determine if barley f3-glucan and preformed
resistant starch reduced glucose and insulin responses in men independently or if a synergism exists
between the two carbohydrate sources. A total of 20 men (10 control, 10 overweight; average body
mass index, 23.8 vs 29.0) were fed a controlled diet for 2 days before each treatment containing 75 g
available carbohydrate. Fasting subjects consumed 10 treatments consisting of glucose or 1 of
9 muffins containing 3 levels of resistant starch (0.1, 6.1, or 11.6 g/tolerance) and 3 levels of f-glucan
(0.1, 3.1, or 5.8 g/tolerance) in a Latin square design. Plasma glucose and insulin responses were
determined over 4 hours after each treatment. Compared with controls, overweight subjects had
significantly higher mean glucose (5.5 vs 6.0 £+ 0.1 mmol/L) (P < .003) and insulin (153 vs 285 +
21 mmol/L) (P <.0001) concentrations. Glucose (P < .001) and insulin (P < .003) responses were
lower and returned to fasting quicker in the controls than in overweight subjects. The highest f-glucan
level was the most effective in lowering glucose (P < .001) and insulin responses (P < .0001).
Average glucose (P < .025) and insulin (P < .0001) areas under the curve were lowest after the
muffins containing the high f-glucan. Resistant starch content was less effective than f-glucan
in reducing glucose or insulin response. Acute consumption of barley f-glucan, but not resistant
starch, in muffins was effective in reducing glucose and insulin responses in men who were
mildly insulin-resistant.
© 2006 Published by Elsevier Inc.
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1. Introduction and weight [3,5]. Obesity is associated with decreased
ability of the body to control blood glucose with normal
levels of insulin [6]. This may also be an early step in the
development of non-—insulin-dependent diabetes mellitus

[6]. Insulin resistance increases as weight increases [3] and

Elevated glucose and insulin concentrations are the
primary indicators for insulin resistance and type 2 diabetes
[1,2]. Insulin resistance is associated with obesity, hyper-
tension, dyslipidemia, glucose intolerance [1,3,4], and type

2 diabetes [1,2]. Abnormal carbohydrate metabolism,
especially with respect to elevated glucose or insulin
concentrations in the blood, occurs with increasing age
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is more prevalent in obese subjects (up to 46% in obese
subjects compared with 4% in a control population) [4]. It
has been estimated that occurrence of insulin resistance
increases nearly 20% for each 5% increase in weight over
the reported weight at age 20 [3]. Delaying the delivery of
glucose through dietary means may assist in the manage-
ment of insulin resistance [7,8].
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Table 1
Baseline characteristics of control and overweight men (mean = SEM) as
selected for the study

Control (n = 10) Overweight (n = 10)

Age (y) 422 +2.3° 415 + 2.9
Height (cm) 177.5 + 1.8* 179.3 + 2.8°
Weight (kg) 753 + 1.8° 93.1 + 3.3°
BMI® 238 + 0.4° 29.0 + 1.0°
Body fat (%) 18.0 + 1.2° 252+ 2.1°

# Means within a row with different superscripts are significantly
different (P < .05) based on least-mean squares.
® BMI measured as weight/height® (kg/m?).

Consumption of foods containing soluble fiber or
resistant starch (RS) reduces the risk of chronic disease.
Risk factors include reductions in blood glucose and insulin
[7-9] and improvement of glycemic control in normoglyce-
mic and diabetic subjects [1,7-10] after consumption of
soluble fiber or RS. Glucose and insulin responses (peak
and/or area under the curve) have been reported to be lower
after a test meal containing soluble fiber, including pectin,
Oatrim (oat fiber extract), guar gum, gum tragacanth, and
methyl cellulose fibers, when compared with the meal
without the soluble fiber [8-12]. Consumption of foods high
in amylose or RS decreased postprandial glucose and insulin
responses in people with normal as well as those with
impaired glucose tolerance [13-15]. The amount of soluble
fiber or high amylose starch/RS fed in the acute meal
tolerances has varied greatly.

Because both soluble fiber and RS modulate postprandial
glucose and insulin response, this study evaluated the
postprandial glycemic responses of normal-weight and
overweight or obese men after consumption of several
levels of RS (from high-amylose cornstarch) and soluble
fiber (f-glucan from barley) singularly and combined in the
same food product. Barley f-glucan has not been evaluated

for its ability to reduce glycemic parameters, and the
potential synergism between RS and barley f-glucan has
not been examined in men.

2. Methods and materials
2.1. Subjects and study design

The study was approved by the Institutional Review
Board of The Johns Hopkins University Bloomberg School
of Public Health. Medical supervision was provided by Dr
Benjamin Caballero, Division of Human Nutrition, The
Johns Hopkins University. A total of 20 men, 25 to 56 years
of age, were selected for the study after clinical analysis of
fasting blood and urine samples and a medical evaluation of
their health history (Table 1). The protocol and purpose
of the study were explained to the subjects both orally and
in writing. Selection criteria included (1) weight stable for
6 months before the study, (2) normotensive, (3) normal
fasting glucose, (4) no history of disease affecting carbo-
hydrate metabolism, (5) taking no medication known to
affect glucose or lipid metabolism, and (6) no current
disease found by a routine urinalysis and blood screen. Half
of the subjects had a body mass index (BMI) lower than
25; the other half had a BMI greater than 27. Control and
overweight men were paired for age.

An equilibration diet containing 30% fat, 55% carbo-
hydrate, and 15% protein was fed for 2 days before the
day of sample collection to be sure all of the subjects were
eating a moderately high carbohydrate diet before the acute
meal tests. The menu was designed to exclude foods
known to lead to colonic gas production. The menu was
identical before each acute test. Body weight was used to
determine the energy level given to the subjects, and
subjects consumed the same amount of energy during all
10 periods.

Table 2
Carbohydrate composition (g) of the treatments as consumed
Total carbohydrate® Total fiber” Available carbohydrate B-glucan® RS¢
Glucose 75 0 0 0 0
Low f-glucan (spent malt barley)®
Low RS 94.6 19.5 75.1 0.67 0
Mid RS 100.6 25.5 75.1 0.72 6.28
High RS 105.9 30.8 75.1 0.66 12.67
Medium f-glucan (whole barley flour)”
Low RS 80.3 5.4 74.9 3.12 0
Mid RS 86.1 11.2 74.9 3.47 6.07
High RS 90.6 16.4 74.2 2.84 11.51
High f-glucan (whole barley flour plus barley ff-glucan extract)®
Low RS 81.8 6.8 75.0 5.32 0
Mid RS 87.3 12.3 75.0 5.27 5.85
High RS 92.2 17.2 75.0 5.26 11.13

# Total carbohydrates and fibers were determined by Covance Laboratories Inc.

° B-Glucan content of the flours and muffins was determined enzymatically using the American Association of Cereal Chemists method 32-23 [16,17].

¢ Analysis of the RS added to the muffins was provided by National Starch Co.

9 Ingredient used to prepare muffins in addition to the spent malt barley, whole barley flour, barley f-glucan extract and resistant starch listed previously:
wheat flour, baking powder, baking soda, skim milk, corn oil, egg white, and artificial sweetener.
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Subjects were weighed before breakfast in the Human
Studies Facility 2 days before each acute test. After breakfast,
subjects were given prepacked lunch and dinner. They were
required to consume all foods and beverages given to them
and nothing else unless approved by the principal inves-
tigators. Subjects were to record all additional items such as
water, noncaloric beverages, salt, and pepper. Blood was
collected after a 10-hour fast. Each treatment, glucose
solution or test muffins, contained 75 g available carbohy-
drate (total carbohydrate minus fiber and RS). Three types of
muffin varying in ff-glucan content were made with either
(1) spent malt barley, (2) standard barley flour, or (3) a
standard barley flour plus added barley f-glucan extract.
Each type of muffin was made with no added RS (Novelose
260, National Starch and Chemical, Bridgewater, NJ) or
Novelose calculated to provide 6 or 12 g of RS per 75-g
available carbohydrate for a total of 9 muffin preparations.
Carbohydrate content of the muffins as eaten is listed in
Table 2. All 10 treatments (glucose alone and 9 muffin types)
were consumed by all subjects, and the order of consumption
was randomized in a Latin square design. The spent malt
barley was provided by DeGroen’s Micro-brewery, Balti-
more, Md. Barley flour was provided by National Barley
Foods Council (Spokane, Wash), and the barley extract was
provided by Van Drunen Farms (Momence, Il1).

2.2. Sample collection and laboratory analyses

Blood samples were collected before treatment and at
0.5, 1, 2, 3, and 4 hours after the treatment was consumed.
Glucose was determined on an automated spectrophotomet-
ric system (Dade Bering Instruments). Insulin (Diagnostics
Products Corporation, Los Angeles, Calif) was determined
by radioimmunoassay. Two-hour response areas under the
curve (AUCs) were calculated by using the method of
Gannon and Nutall [10]. Analyses of the flours’ nutrient
compositions (total carbohydrate, total and soluble fiber)
were determined by Covance Laboratories Inc (Madison,

Wis). The f-glucan content of the flours and muffins was
determined enzymatically by AACC method 32-23 [16,17].
Analysis of the RS added to the muffins was provided by
National Starch Co.

2.3. Data calculations and statistical analyses

Insulin resistance was calculated using the homeostasis
model assessment (HOMA = insulin"V™ x glucose™™°'L/
22.5) [18]. In addition, a method using fasting insulin (1) and
triacylglycerol concentrations and an index of glucose dispo-
sal rates (M) corrected for fat-free mass (ffm) based (Mffm =
EXP[2.63-0.28 x (log insulin™"") - 0.31 x (log triacylgly-
cerol™™My]) [19] was also used to determine insulin
resistance. Data were analyzed statistically with a mixed-
models procedure for repeated-measures analysis of variance
(ANOVA; PCSAS, version 8.0, SAS Institute, Cary, NC). Data
were evaluated for the main effects of treatment (glucose or
level of RS and f-glucan), group (control vs overweight men),
time, and interactions among the main effects. Insulin data
were log-transformed before statistical analysis because of
nonhomogeneity of variance. Data reported are least-squares
means and SEM.

3. Results

Plasma glucose responses were significantly different
between the groups (control vs overweight; P = .003), but
no group-by-treatment interaction (P < .455) was observed.
Significant differences were observed at specific times in
plasma glucose concentrations after the 10 loads were
consumed (time, P < .001; treatment-by-time interaction,
P < .001) (Table 3). Overweight men maintained plasma
glucose above fasting concentrations longer than did the
control men (group-by-time interaction, P < .001). Over-
weight subjects had significantly higher mean glucose
concentrations compared with control concentrations at
0.5, 1, 2, and 3 hours. Both groups’ glucose concentrations

Table 3
Glucose responses (mmol/L) after glucose and 9 muffins containing 3 levels of RS and 3 levels of ff-glucan consumed in a Latin square]
Treatment Fasting 30 min 60 min 120 min 180 min 240 min
Glucose 521 +0.20 8.36 + 0.20° 7.55 + 0.20° 4.67 £ 0.20° 420 + 0.20¢ 473 + 0.20*
Low f-glucan
Low RS 529 +0.20 7.71 £ 0.20° 6.98 + 0.20™ 529 + 0.20™ 4.65 + 0.21* 474 + 0.20*
Mid RS 5.16 + 0.20 7.51 + 0.20° 6.94 + 020 5.19 + 0.20™ 4.87 + 0.20™° 4.88 + 0.20%
High RS 526 + 0.20 7.31 + 0.20% 6.80 + 0.20° 4.95 + 0.20* 4.67 + 0.20° 4.90 + 0.20%°
Medium f-glucan
Low RS 5.19 £ 0.20 7.38 + 0.20 7.54 + 0.20° 5.88 + 0.20* 4.89 + 0.20°° 478 + 0.20*
Mid RS 522 + 021 731 + 021 730 + 021 545 + 021 4.83 + 0210 4.87 + 021%™
High RS 513 + 0.19 7.29 + 0.19™ 6.80 + 0.20° 543 + 0.19% 4.63 + 0.19" 4.67 + 0.19¢
High f-glucan
Low RS 5.14 £ 0.20 6.85 + 0.20° 6.83 + 0.20° 521 + 0.20™ 5.11 + 0.20" 5.06 + 0.20™
Mid RS 522 +0.20 7.04 + 0.20° 6.67 + 0.20° 5.62 + 0.20™ 520 + 0.20° 5.07 + 0.20°
High RS 524 +0.22 7.20 + 021 6.81 + 0.21° 537 + 021 526 + 0.21° 512 +0.21°
ANOVA within a collection time P =712 P < .001 P <.049 P = .002 P <.001 P = .001

! Mean SEM of 10 normal and 10 overweight men. Overall ANOVA: treatment, P = .179; time, P < .0001; treatment-by-time, P < .0001. Means with
different superscripts within a column (a-c) are significantly different (P < .05). Low, medium and high f-glucan averaged 0.1, 3.1, or 5.8 g/tolerance,
respectively. Low, mid, and high RS averaged 0.1, 6.1, or 11.6 g/tolerance, respectively.
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Table 4
Insulin responses (pmol/L) after glucose and 9 muffins containing 3 levels of RS and 3 levels of f-glucan consumed in a Latin square1
Treatment Fasting 30 min 60 min 120 min 180 min 240 min
Glucose 80 + &' 495 + 32° 506 + 65° 169 + 33° 79 + 19° 53 + 28¢
Low f-glucan
Low RS 70 £ 8 434 + 46" 477 + 65° 242 + 33 124 + 19% 59 + 28*
Mid RS 68 + 8 411 + 46™ 464 + 65° 275 + 334 137 + 19% 115 + 28°
High RS 76 + 8 383 + 46° 475 + 65° 295 + 33% 130 + 19 78 + 28%
Medium f-glucan
Low RS 78 £ 8 333 + 46 455 + 65° 294 + 33% 135 + 19% 95 + 28%
Mid RS 68 + 8 344 + 46 462 + 65° 238 + 334 167 + 19° 80 + 28
High RS 65+ 8 424 + 46" 422 + 65° 245 + 33° 107 + 19° 75 + 28%
High f-glucan
Low RS 590 +8 263 £ 46° 360 + 65° 181 + 33% 121 + 19°° 79 + 28*
Mid RS 80 + 8 255 + 46° 338 + 65° 224 + 33%® 142 + 19* 101 + 28
High RS 75+ 8 289 + 46° 345 + 65° 207 + 33 132 + 19* 87 + 28%
ANOVA within a collection time P = .79 P <.001 P < .001 P < .020 P = .079 P = .035

! Mean SEM of 10 normal and 10 overweight men. Overall ANOVA: treatment, P < .001; time, P < .0001; treatment-by-time, P < .0001. tMeans with
different superscripts within a column (a-c) are significantly different based on log transformed evaluation (P < .05). Low, medium, and high f-glucan
averaged 0.1, 3.1, or 5.8 g/tolerance, respectively. Low, mid, and high RS averaged 0.1, 6.1, or 11.6 g/tolerance, respectively.

at 0.5 and 1 hour were significantly higher than at all other
collection times. Plasma glucose concentrations at 0.5 hour
after the glucose treatment were significantly higher and at
2 and 3 hours were significantly lower than concentrations
observed after all muffin treatments. The lowest glucose
concentrations at 1 hour after the loads were observed after
the high f-glucan or high RS treatments.

Insulin responses were significantly affected by group
(P <.001), treatment (P <.001), time (P <.0001), group-
by-treatment interaction (P < .04), group-by-time interac-
tion (P < .001), and treatment-by-time interaction
(P < .001). Overweight men had higher plasma insulin
concentrations and maintained them above fasting longer
than did the control men. Overweight subjects had
significantly higher mean concentrations compared with
control concentrations at 0.5, 1, 2, and 3 hours. Overweight
subjects had significantly lower mean insulin following the
high f-glucan compared with other treatments, whereas the
insulin reduction observed in controls did not reach
significance. Plasma insulin concentrations were signifi-
cantly higher at 0.5 and 1 hour than at other times, the
response after glucose resulting in the highest concentra-
tions (Table 4). Insulin concentrations at 0.5 and 1 hour after
all the high f-glucan loads were significantly lower than
concentrations after the other treatments. Plasma insulin
concentrations 2, 3, and 4 hours after the muffin treatments
were higher than after the glucose load, but a distinct pattern
between the different tolerances was not observed.

Differences in the ff-glucan and RS content of the loads
resulted in a significant difference in glucose AUC (treat-
ment, P < .004) and insulin AUC (treatment P < .0001)
(Fig. 1). Both glucose and insulin AUCs were lowest after the
treatments containing the highest f-glucan (high f-glucan/
low RS, high f-glucan/mid RS, and high f3-glucan/high RS).
The insulin AUCs after muffins containing the midrange of
f-glucan were lower than after the low f-glucan muffins,
but the differences were not significant. The insulin AUCs

of overweight men were higher than that of the control men
(P <.0001). However, no tolerance-by-group interaction was
observed for either glucose (P <.75) or insulin (P <.35). No
differences in AUC were observed with varying RS content.
Overweight men had significantly higher mean triacylgl-
cyerol concentrations compared with the control subjects
(166.6 vs 74.2 mmol/L, respectively; P < .006). Although
there were significant differences in treatment (P < .027),
group-by-treatment (P < .001), and group-by-time
(P < .001), no pattern due to the f-glucan or RS content
of the different tolerances was observed. No differences in
free fatty acids were observed by group treatment or time.
Insulin resistance calculations resulted in a significant
difference between groups with the MFFM method (over-
weight, 7.6 + 0.22; control, 9.1 + 0.22; P < .0001) or
with HOMA (overweight, 3.0 + 0.28; control, 1.7 + 0.28;
P <.002). When the fasting insulin values were evaluated
based on fasting insulin above or below 87.5 mmol/L [19],
8 of the overweight subjects and 1 control subject were
responsible for almost all of the higher values. The HOMA
calculations based on grouped fasting insulin rather than
weight or BMI resulted in a distinct separation (P < .0001)
in insulin resistance; the lower average fasting insulin
(62.4 mmol/L) had a value of 1.6, whereas the higher
average insulin (125.4 mmol/L) had a value of 4.2.

4. Discussion

Glucose and insulin responses have been reported to be
improved (lowered or flattened) after a test meal containing
a soluble gum, including pectin, Oatrim, guar gum, gum
tragacanth, and methyl cellulose fibers, as compared with
the meal without the gum fiber [7-9] or insoluble fibers,
such as wheat [20]. The addition of soluble fiber from oats
[21-24] or guar gum [13] to the diet of adults with type
2 diabetes was beneficial in lowering insulin requirements
and/or significantly lower blood glucose concentrations or
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Fig. 1. Areas under the curve for glucose and insulin by treatment after
glucose and 9 muffins containing 3 levels of RS and 3 levels of f-glucan
consumed in a Latin square. Least-square means = SEM. Area under the
curve based on 0- to 120-minute plasma glucose or insulin concentrations.
Bars with different superscripts are significantly different (P < .05).
Glucose ANOVA: group, P = .13; treatment, P < .004; group-by-
treatment, P = .75. Insulin ANOVA: group, P = .0001; treatment, P <
.0001; group-by-treatment, P = .35.

postprandial AUCs. In few studies, oat-containing foods
have been fed, and glucose and insulin concentrations have
not been significantly lowered in normal and hypercholes-
terolemic subjects [25,26].

Barley has been used in fewer studies as a source of
soluble fiber. Lower glucose and insulin responses have
been reported after acute consumption of barley pearls,
bread, and pasta in normoglycemic [27-29] and type 2 dia-
betic subjects [30]. The insulin requirement was reduced for
some type 2 diabetic subjects when barley was consumed
[30]. The amount of soluble fiber consumed in the barley
meal affects the postprandial responses. Porridge made with
high-fiber barley, but not common barley, significantly
lowered glucose and insulin responses compared with white

bread [25]. In a study similar to the one presented here but
with women [31], glucose and insulin AUC decreased as
the f-glucan content increased; the highest fS-glucan
content resulted in significant decreases compared with
the low-f-glucan—low RS muffins.

Tappy et al [21] reported a linear inverse relation between
the f-glucan content and the glucose plasma peak and AUC
after consumption of 4.0, 6.0, or 8.4 g oat f-glucan. Insulin
response did not appear to be dose-dependent. However,
Wood et al [32] reported significant reductions in postpran-
dial glucose and also in insulin responses that were inversely
linear with the amount (1.8-7.2 g) consumed and with the
logarithm of the viscosity of the meals. Delayed or reduced
carbohydrate absorption from the gut and not the effects of
fermentation was suggested as the mechanism of action of
f-glucan in postprandial glucose metabolism [33].

Reductions in postprandial glucose and insulin responses
after foods containing 5.8 to 18.4 g of RS have been reported
in control, overweight, hyperinsulinemic, and type 2 diabetic
subjects [15,34-40]. Behall et al [37] reported a significant
reduction of postprandial glucose and insulin concentrations
after the consumption of breads containing more than § g of
RS from high amylose cornstarch. Granfeldt et al [35]
reported significantly lower glucose and insulin response
curves and AUC:s after products containing 12.2 or 18.9 g of
RS compared with responses after the standard corn product
(2.0 g RS); responses after the 2 high-RS products (different
in total and available carbohydrate) were not significantly
different. No effect on postprandial glucose, insulin, free fatty
acid, or triacylglycerol concentrations occurred after meals
containing 0%, 2.7%, 5.4%, or 10.7% of the carbohydrate as
RS from high amylose maize [41]. Yamada et al [42] reported
significantly smaller postprandial increases in both blood
glucose and insulin when subjects with borderline high-
fasting glucose (111 mg/dL) consumed bread containing 6 g
of RS from tapioca. The postprandial responses of the normal
group after the 2 breads were not different [42]. None of the
subjects reported here had fasting glucose greater than
111 mg/dL during the study. This may have contributed to
the lack of response after the different levels of RS in the men.

In a previous study [31], 20 women (10 control, 10 over-
weight) consumed muffins containing varying amounts of oat
f-glucan (assayed to contain 0.7, 3.2, or 8.1 g per average
tolerance) and high amylose cornstarch (assayed to contain
0.8, 3.8, or 8.8 g of RS per average tolerance) alone and
combined similar to the study reported here. Compared to the
muffins containing the lowest amounts of f-glucan and RS,
glucose and insulin AUC decreased when f-glucan (17.3%
and 40.9%, respectively) or RS (20.2% and 25.4%, respec-
tively) content increased. Unlike the men reported here, the
reduction in glycemic response in the women was enhanced
by combining RS and soluble fiber, although they consumed
less RS. The greatest AUC reduction occurred after meals
containing both high f-glucan and high RS (28% and 49%
lower AUC for glucose and insulin, respectively). Men had
the lowest glucose and insulin AUCs after the muffins
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containing the high f-glucan regardless of RS content.
Controlling the amount of RS in a product is more difficult
when high amylose cornstarch or cornmeal is used than with
commercially available preparations using preformed RS.
The differences between the men and women may have been
due in part to the source of the RS. Evaluation of the 2 RS
sources in the same subjects would be needed to determine if
more preformed RS is needed to match glycemic reduction
observed with high amylose corn.

Consumption of 60 g preformed RS (Novelose 260)
(rather than high amylose maize cornstarch) for 1 day before
an RS/fiber-free tolerance test resulted in significantly lower
postprandial plasma glucose and insulin compared with
responses after prefeeding the menu without RS [43].
Calculated postprandial insulin sensitivity and C-peptide-
to-insulin molar ratio was significantly increased following
the high-RS diet. No RS effect was observed on plasma
triacyglycerol. When a self-selected diet of subjects was
supplemented with 30 g of RS (from High-Maize 260) per
day, fasting plasma glucose and insulin, as well as glucose
AUC after the diets with and without RS, were not different.
Insulin AUC was significantly lower, and C-peptide/insulin
AUC and total glucose uptake by the adipose tissue were
significantly higher after the diet with added RS [44]. No
reduction in postprandial glucose or insulin was observed
after 30 g of acid denatured crystalline RS mixed with
glucose compared with responses after glucose alone [45].
Prefeeding the RS in the diet appears to potentiate a greater
postprandial glycemic reduction in a later meal. Improve-
ment of insulin sensitivity occurred after a test breakfast
containing at least 6.8 g of RS [36] and chronic RS
consumption [43]. Estimates of daily intake of RS range
from 3 to 6 g/d in Europe and Australia with similar but
inconsistent data for the United States [46].

Similar to soluble fiber, a minimum intake of RS
(approximately 5 g or more) appears to be needed, and
chronic consumption appears to improve beneficial reduc-
tions in postprandial glucose and/or insulin response.
Improvement in insulin sensitivity may require more than
7 g of RS or chronic consumption of this type of starch.
Current intake estimates of American and European RS
consumption are below this level. It appears that more RS
than is currently consumed should be included in the diet for
these health benefits. Individuals who would benefit the
most are those who are overweight, have elevated glucose
and insulin, or have reduced insulin sensitivity. Beneficial
reductions in glucose and insulin can result when sufficient
soluble fiber from isolates or grain sources such as oats or
barley is consumed. Consumption of food sources contain-
ing adequate levels of f-glucan and RS should reduce the
rise of type 2 diabetes.
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